Introduction
Laboratory plays a pivotal role in disease control and prevention program by providing timely data or information for patient management and disease surveillance [1] . Quality in laboratory has huge impact on diagnosis and patient management as about 80% of all diagnosis is made on the basis of laboratory tests [2] [3] . International Organization for Standardization (ISO-15189) has recommended assessment and monitoring of quality management systems (QMS) in laboratory as quality improvement efforts towards quality laboratory services [4] . Quality laboratory management system has main objectives which are timely, precise and accurate results and meeting patients need and satisfaction. Key measures for improving laboratory services are continuous monitoring of the total testing process, the use of quality indicators to identify improvement opportunities, and measurement of the efficacy of specific interventions [5] .
QMS are still uncommon in clinical laboratories in Nigeria [6] [7] . In January 2010, implementation of QMS toward WHO-AFRO laboratory accreditation [8] [9] commenced in Nigeria involving several laboratories including Infectious Disease Hospital (IDH), Kano [10] , which is supported by FHI360. Quality improvement (QI) projects were instituted in IDH, Kano in line with ISO 15189 requirements for accreditation of medical laboratory in 2011. Some of these QI projects were monitored through quality indicators. Quality indicator is the information qualitative or quantitative associated to an event (or process or results) put under observation, that is able to evaluate its changes during the time and to verify achievement by comparing it with a criterion [11] [12] . Besides meeting the requirement of ISO 15189, the quality indicators are also required to provide information and accountability to stakeholders, users, etc. and establish a program of continual improvement to ensure quality of care and patient safety. Selected quality indicators encompassing each path of the laboratory total testing process (work flow) were monitored progressively over time.
Six Sigma provides principles and tools that can be applied to any process as a means to measure defects and/or error rates and to determine the degree to which any process deviates from its goal. Six Sigma refers to a quality level defined as the near-perfect defect rate of 3.4 defects per million opportunities [13] which is a goal for world-class quality. Six Sigma scale is an indirectly proportion to system defect or error rate as the higher the Sigma scale the lower the possibility of error in the system, thus the consistency and steadiness of the processes improve [14] [15] . Sigma metrics are being adopted as a universal measure of quality. In the clinical laboratory, it has been used to evaluate performance of testing processes, service provision and to establish benchmarks [13] [14] [16] [17] . Thus the number of errors or defects per million products or tests is a measure of the performance of a laboratory. In this study, it has been used to assess performance in some quality indicators like sample rejection rate and turnaround time.
The main objective of this study was to analyze quality indicators in order to evaluate laboratory quality performance over time as a strategy for continuous quality improvement effort.
Methodology

Study Design and Setting
This was a retrospective study to analyze and evaluate quality indicators from January 2011 to December 2013 in the Antiretroviral Treatment (ART) Laboratory of IDH, Kano.
IDH, Kano, located in the North West of Nigeria, within the savanna was established in the early 1960s as an isolation unit for smallpox patients. Subsequently, the unit was expanded into a fully-fledged secondary level state owned public hospital. The hospital provides services to a catchment area including Kano and neighboring states and also to patients from the Republic of Niger. Presently, the hospital has a capacity of about 250 beds, and a new multi-drug resistant (MDR) tuberculosis clinic with 3 additional wards. With funds from President Emergency Plan for AIDS Relief (PEPFAR) through United State Agency for International Development (USAID), FHI360 has been supporting IDH, Kano to provide comprehensive antiretroviral therapy (ART) program since February 2005 till date. As of September 2014, a total of 9758 HIV positive patients have so far been registered for ART services, with about 5151 initiated on antiretroviral therapy. The ART Laboratory provides HIV serological screening and monitoring testing such as CD4+ enumeration, clinical chemistry, hematology as well as other tests like pregnancy, hepatitis, syphilis including tuberculosis and malaria microscopy.
Quality Indicators
The seven laboratory quality indicators monitored are grouped according to the phase of the total laboratory testing process. The quality indicators with the set performance target along with the related Institute of Medicine (IOM) domains are listed in Table 1 . The critical health care domains as defined by the IOM are patient safety, effectiveness, equity, patient centeredness, timeliness, and efficiency [18] . All quality indicators monitored were scrutinized for data completeness and consistency. Of the seven quality indicators evaluated, only four indicators (specimen rejection rate, turnaround time, proficiency testing performance and client satisfaction survey) were analyzed in this study. The remaining three indicators (equipment down time, reagents stock out and reagent rejection rate) were excluded in this analysis because of incomplete data.
Quality indicators monitoring were regularly reviewed by laboratory management (head of department, quality officer, safety officer and sectional head of each unit) team to make informed decision on improving on quality management processes.
For the purpose of our study, the various quality indicators were defined and/or measured as follows: Proficiency testing performance (PTP): This indicator is the percentage of correct proficiency testing (PT) results. Criteria for passing vary by analytes (e.g., target value ± a fixed concentration limit, ± a fixed percentage, or ± 2 SD for results of a given laboratory group) or test type. ) are rejected based on predefined standard in laboratory quality manual such as expired reagents at supply, reagent supplied without lot number, reagent cool chain compromised or other issues along the chain of custody.
Data Collection, Validation and Analysis
Raw data were collected for each indicator manually by facility laboratory quality officer and crossed checked and approved by the laboratory supervisor. Data was entered manually into excel file, reviewed and cleaned by FHI360 laboratory staff before analysis. For PTP, the average percentage per trial by year for each parameter was analyzed. For CSS, the general score for each of the satisfaction item and also the overall satisfaction score was determined. The mean difference for PTP and CSS were tested by using one-way analysis of variance and student's T-test where applicable and probability of 0.05 was considered statistical significant. 
Results
A total of 7920 (2194 in 2011, 2715 in 2012, 3011 in 2013) specimens were received for testing over the study period. The overall specimen rejection rate (SSR) of (22/7920) 0.28% and turnaround time (TAT) of (81/7920) 1.02% were above the defined standard and improved over the study period ( Table 2) . On analyzing with the Six Sigma scale, the specimen rejection rate was 2778 defects per million with a sigma level of 4.27 and specimen TAT default rate was 10,227 defects per million with a sigma level of 3.82. Table 2 shows details for each period. Specimen rejection was mostly due to clots (50%) ( Table 3 ) and delay in meeting TAT was solely due to equipment down time. Figure 1 shows the PTP for the various tests over the study period. In 2011, the PTP for CD4 count (67%) and hematology film reading (79%) were below the set standard of 80% compared to the other domains. For the remaining two years period, the PTP for all the domains was satisfactory. HIV serology recorded 100% throughout. There were no statistically significance differences in PTP (CD4 count, hematology, Chemistry and HIV serology) from 2011 to 2013 (P > 0.05).
Although, CSS showed progressive improvement performance from 59% in 2012 to 78% in 2013, the overall performance was below set standard. However, cleanliness (62% in 2012 and 86% in 2013), counseling (57% in 2012 and 81% in 2013), instruction manual (60% in 2012 and 82% in 2013) and explanation of procedures (49% in 2012 and 71% in 2013) were the most improved and waiting time (64% in 2012 and 73%in 2013) was the least improved (Figure 2) . Further analysis on CSS showed that there was no statistically significance difference in performance in 2012 and 2013 (P > 0.05).
Discussion
Quality Improvement (QI) projects were instituted in IDH, Kano in line with ISO 15189 requirements for accreditation of medical laboratory and some were monitored by using quality indicators.
As we experienced with some of the quality indicators, poor documentation of laboratory processes, incidence and occurrence is a big challenge as the staff consider documenting as unnecessary paperwork and extra burden as reported earlier in Nigeria [7] . Health-workers performance (defined as adherence to an accepted standard or guideline) is very often inadequate, and is a widespread problem in low-resource settings [19] .
In this study, the overall SSR of 0.28% was lower than a 0.57%, 1.46% and 4.19% reported in similar laboratory based studies in Porto Alegre, Brazil [20] , Cape Town, South Africa [21] and Delhi, India [3] respectively. 
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Furthermore, we reported that sample clotting accounted for about 50% of specimen rejection which is similar to a 54% reported in the Brazil study [20] but higher than the South Africa study reporting 30% [21] . Our findings for specimen rejection due to insufficient specimen volume (22.7%) is similar to the South Africa study (22%) [21] , but very different from a 43.8% reported in the Brazil study [20] . With the exception of a few referrals, over 90% of the blood samples in this study were collected within the phlebotomy unit under the supervision of the laboratory head by laboratory staff trained in phlebotomy practice. This practice may have accounted for the low SRR in this study. Some reports have concluded that the rates of pre-analytic errors are lower for outpatients, for whom phlebotomy procedures are performed by personnel under direct laboratory control [22] [23] .
There are no widely accepted turnaround time (TAT) goals for specific laboratory testing, hence laboratory set target based on test type, priority, population served to meet patient satisfaction and efficiency [24] . In our study a TAT of 24 hours set target (standard of ≥95%) was considered satisfactory, as the focus is on ART patients that usually have appointments at two months interval for antiretroviral (ARV) drug refill. More so, any newly diagnosed HIV patient must have at least two session of adherence counseling that takes an average of two days before they are evaluated for possible ARV therapy. Others studies had documented and set the average TAT for the clinical biochemistry of 5.5 hours for routine inpatient samples and 24 hours for the outpatient samples [25] . We recorded a very good performance above the set benchmark as only 1.02% of the results were reported after the acceptable TAT. This performance is comparable to report on a study of routine outpatient test with a TAT of 24 hours, involving 118 hospital based laboratories in the United State of America (USA) where acceptable performance was met by 98.8% of laboratories for basic metabolic panel measurement and 99.5% for FBC measurement [24] .
Laboratory quality indicator data, most often presented and reported as a percentage of variance, may be misleading, especially when the variances and calculated percentages, appear to be low. Therefore laboratory data reported in parts-per-million defects (Sigma scale) demonstrates opportunities for significant improvements in laboratory performance across the total testing process [13] . To the best of our knowledge, this is first time in Nigeria that an aspect of clinical laboratory performance is being analyzed with the Six Sigma scale. Based on the Sigma scale we reported a SRR of 4.27 and TAT of 3.82 which is optimal/satisfactory based on benchmark for minimum process performance of 3 Sigma [26] . Our Sigma value for SRR is similar to a USA College of American Pathologist (CAP) Q-probes study that reported 4.15 for hematology and 4.25 for chemistry specimen acceptability [13] . In our study, even our lowest Sigma value of 3.54 for TAT in 2011 surpasses the minimum acceptable standard of 3 Sigma. In health care, quality problems frequently occur at rates of 20 to 50 percent, or 200,000 to 500,000 per million [27] .
The proficiency testing performance score for HIV serology was consistently at 100%. Improved PTP in HIV serology score from 74% to 94% in a survey involving 44 laboratories in four trails following staff mentoring have been reported in Nigeria [28] . For the other parameters there was sustained improvement over the study period. Our improved trend (67% in 2010 to 90% in 2013) in CD4+ PTP was similar (58% in 2009 to 88% in 2010) to that reported in Clinical Trials Centers in Ghana and Burkina Faso following the introduction of Good Clinical Laboratory Practices (GCLP) within the laboratories [29] . One probable cause for poor PTP for CD4 count in 2011 was due to the deployment of a new staff on rotation that had just passed the initial competency assessment to the CD4 count testing bench from routine bacteriology laboratory. A study in Tokyo have attributed poor performance in the external quality assurance (EQA ) surveys to be closely related to the type of training and experience of the laboratory technical staff as well as poor laboratory managements and supervisory ability of the consultant physicians [30] . Another probable cause for poor PTP in CD4 testing is pipetting error. Following a review of corrective and preventive action record, regular pipette calibration was introduced as corrective measure. For chemistry and hematology PT, pipetting error was an unlikely issue as the analyzers used are fully automated to pipette both sample and reagents. Furthermore, all the major equipments were regularly calibrated as scheduled.
Although there was in improvement in CSS from 59% in 2012 to 78% in 2013, it was still below the benchmark of ≥80% set for the laboratory. A very similar result of improvement in patient satisfaction from 56% to 73% over a two years period was reported for a laboratory in Botswana [31] . Our findings was lower compared to an 83% score reported for patient satisfaction of hospital services conducted in Aminu Kano Teaching Hospital, Kano, a close by setting [32] . Another study in Ethiopia also reported a higher (85.5%) overall patients satisfaction rate for ART Laboratory monitoring services [33] .
One of the limitations of this study was the exclusion of proficiency testing trials that the laboratory did not participate in within the stipulated survey period due to equipment breakdown or stock out of reagents especially for the hematology analyzer. Although our results based on Sigma rating meets international standards, it should be interpreted with a lot of caution with reference to the overall laboratory quality status. The evaluation only pertains to SRR in the pre-analytical and TAT in the post-analytical laboratory work phase, without any parameter in the analytical phase and many other critical quality system essential elements in all the phases. It is also worth noting that, although our results on TAT based on laboratory testing that meets reporting deadline was excellent and met international standards, the results for TAT based on CSS did not reflect this. In as much as CSS is increasingly being promoted in developing countries as a means of assessing healthcare service quality and the demand for these services, there is a lot of concerns about the reliability of responses in such surveys due to bias [34] . Besides poor staff attitude, poor state of infrastructure, difficult work flow due to unstructured floor plan, and interrupted power supply poses challenge to the smooth implementation of quality improvement (QI) projects in the ART Laboratory, IDH, Kano. ART program supported by funder is been considered as extra work or mostly refer to secondary assignment at facility level, systems integration including laboratory services integration is critical to remedy this situation [35] .
Conclusion
Although there have been steady improvements in the performance of all the QI analyzed, the study highlights the need to continuously evaluate QIs and calls for improved effort on the review and use of proficiency testing record, feedback for opportunity to improve quality laboratory services and focuses on understanding and improving on clients concerns. The ART Laboratory, IDH, Kano is still in the pathway of implementing QMS toward WHO-AFRO laboratory accreditation [8] [9] . Much more is still required in terms of technical knowhow, management support and commitment toward improved and sustained laboratory quality systems as a way towards any international standard of laboratory accreditation.
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